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Optical emission properties of Nd3þ in NaBi(WO4)2 single crystal
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Room temperature optical absorption measurements of Nd3þ in NaBi(WO4)2 single
crystals grown by the Czochralski method have been used to calculate the following
Judd–Ofelt intensity parameters: O2 ¼ 30:9 1020 cm2, O4 ¼ 12:0 1020 cm2 and
O6 ¼ 9:3 1020 cm2. Using these parameters the emission properties of Nd3þ in this host
have been estimated with particular attention to the 4F3=2 energy level responsible for stimu-
lated emission channels. The experimental branching ratios of this level are obtained from
photoluminescence and agree with those calculated using the above Ok parameters. The
4F3=2
emission has negligible non-radiative intrinsic losses and the 10K lifetime at low Nd concen-
tration, 0:9 1018 cm3, is exp ¼ 143ms. Even at 300K and for a much higher Nd concentra-
tion, 4:0 1019 cm3, non-radiative losses are moderate, giving a quantum eﬃciency   0:85.
The 4F3=2 emissions show a strongly polarized character. The largest emission cross-section
occurs at  ¼ 1060:9 nm for the 4F3=2 ! 4I11=2 laser channel with a p-polarized character,
EMI ¼ 16 1020 cm2.
1. Introduction
Double tungstate NaBi(WO4)2 (hereafter denoted as
NBW) single crystal is a prospective material for solid
state Raman laser shifting because of its high cubic non-
linear susceptibility, ð3Þ [1]. This crystal adopts a tetra-
gonal structure derived from the CaWO4 scheelite
structure-type by the substitution of Ca2þ for Naþ and
Bi3þ simultaneously. The space group of the crystal
symmetry is I4 [2–4]. The crystal is optically uniaxial,
with the optic axis parallel to the crystalline c axis.
Furthermore, such NBW crystal is considered a locally
disordered host as a consequence of the random distri-
bution of Naþ and Bi3þ ions over two non-equivalent
crystal sites, which are populated with a diﬀerent Na/
Bi ratio.
So far, undoped NBW has been used to shift the Nd
emission of an external laser [5]. The incorporation of
Nd ions into NBW crystal would oﬀer the opportunity
of stimulated emission and Raman shifting in a single
crystal piece. This task seems possible as NBW:Nd has
been reported as a laser system [6] although details on
the performance are not available in the open literature.
Nevertheless, this achievement may not be easy because
of the existence of limits to the neodymium incorpora-
tion in NBW [7, 8]. The purpose of the present work is
to explore the emission capabilities of Nd3þ in NBW to
guide future attempts to grow Nd-doped NBW with Nd
concentration and optical quality suitable for laser
operation.
The optical properties of Nd3þ in the NBW host, in
which Bi3þ is partially replaced by Nd3þ, are closely
related to the local structure and bonding around
Nd3þ. In fact, previous works [9] have shown that, inde-
pendently of the Nd concentration, the 10K optical
absorption band widths are in the 15–30 cm1 energy
range. This is clearly larger than the absorption line-
widths observed in typical laser hosts. For instance,
the FWHM (full width at half maximum) of the Stark
components of the 4I9=2 ! 4F5=2 neodymium absorption
(a typical diode pumping channel) is 2.2 cm1 in YAG
and 15 cm1 in NBW. This feature strongly suggests
slight site-to-site variations of the crystal ﬁeld derived
from the diﬀerent short-range Naþ and Bi3þ distribu-
tions around the Nd3þ optical centres present in the
host. Broad absorption and emission linewidths may
ﬁnd speciﬁc applications in laser devices, like laser tun-
ability, improved absorption eﬃciency of the diode
pumping or suitability for hole burning optical mem-
ories.
From the crystal-ﬁeld analysis of the 10K optical
absorption (OA) and photoluminescence (PL) spectra,
the labelled 2Sþ1LJ sequence of energy levels from
4I9=2
to 2I11=2 for Nd
3þ in NBW has been previously reported
[9]. In the present work, we expand the spectroscopic
analysis with particular attention to aspects concerning
the 300K emission eﬃciency of Nd3þ in NBW. We have
determined the 300K OA of Nd3þ and applied the
Molecular Physics ISSN 0026–8976 print/ISSN 1362–3028 online # 2003 Taylor & Francis Ltd
http://www.tandf.co.uk/journals
DOI: 10.1080/0026897021000046780
*Author for correspondence. e-mail: ccascales@icmm.
csic.es
{ e-mail: cezaldo@icmm.csic.es
Judd–Ofelt (JO) formalism to obtain the theoretical
branching ratios and radiative rates. The consistency
of this analysis has been tested by comparing the theor-
etical and experimental branching ratios. Finally, non-
radiative de-excitation processes are investigated as a
function of the Nd concentration through the determi-
nation of the experimental 4F3=2 emission lifetimes.
2. Experimental techniques
Three NBW:Nd3þ single crystals with increasing Nd
concentrations in the melt (0.003%, 0.014% and 0.06%
in weight) have been grown by the Czochralski method.
Details of the crystal growth procedure have been given
elsewhere [7, 8]. The highest Nd concentration in the
crystal, measured by total reﬂection X-ray ﬂuorescence
(TXRF) and by proton induced X-ray emission (PIXE)
techniques, was ½Nd
 ¼ 0:28 0:03 1019 cm3.
Polarized OA spectra were recorded at 300K by using
a Varian 5E spectrophotometer and a Glan–Taylor
polarizer. Polarized continuous wave photolumines-
cence (cw-PL) was excited with the  ¼ 514:5 nm emis-
sion of an Arþ laser, the neodymium emission was
selected by the above polarizer, analysed with a Spex
340E spectrometer and ﬁnally detected with a 77K
cooled Ge photodiode and a lock-in ampliﬁer. The spec-
tral response of this equipment was obtained by meas-
uring the emission of a calibrated EGG quartz tungsten
halogen lamp and used to obtain corrected cw-PL
spectra.
The ﬂuorescence lifetime of the 4F3=2 multiplet was
measured for the Nd concentrations available, in the
10–300K temperature range. A pulsed dye laser
(DUO-220, LSI) tuned either at  ¼ 514 nm
(4G9=2 þ 2K13=2 excitation) or at  ¼ 590 nm (4G5=2 exci-
tation) was used. It is well known that these upper levels
decay non-radiatively to the 4F3=2 multiplet in a time
much shorter than the corresponding radiative and
measured lifetimes of 4F3=2 [10, 11], and for that
reason the pumping schemes used here allow meaningful
4F3=2 lifetime measurements. Within the experimental
uncertainty, no diﬀerence in the 4F3=2 lifetime was
found between the two above pumping wavelengths.
The light emitted by the 4F3=2 ! 4I9=2 transition
(em  890 nm) was dispersed by a 0.5M SPEX mono-
chromator and detected by a cooled Hamamatsu R636
photomultiplier. The signal was stored and averaged in
a Tektronix 2440 oscilloscope. Sample temperature was
controlled by using a He closed-cycle cryostat.
3. Experimental results
Figure 1 gives an overview of the 300K p (Ejjc, B ? c)
and s (E ? c, Bjjc) polarized OA spectra of Nd3þ in
NBW. The overlap bands observed have been ascribed
to nine sets of Nd3þ multiplets, in accordance with the
relative energy of the Stark levels established after the
proper 10K OA measurements and crystal ﬁeld analysis
previously published [9]. Obviously, the OA broadening
observed at 300K with regards to 10K OA bands
mainly arises from the thermalization of the ground
state electron population. The two typical Nd channels
for diode pumping are the 4F3=2 and
4F5=2 multiplet
absorptions. The 4F3=2 multiplet appears rather isolated
around  870 nm (11 494 cm1) and with a high energy
component strongly p polarized. On the other hand, the
4F5=2 multiplet appears overlapped to the
2H9=2 one and
is also strongly p polarized.
From the 300K OA measurements displayed in
ﬁgure 1 the integrated optical absorption, i.e.
GJJ 0 ¼
Ð
ðÞ @, is calculated. The experimental oscil-
lator strengths, fexp, are obtained as
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Figure 1. Ground state (4I9=2) polarized optical absorption
of Nd3þ in NBW crystal measured at 300K.
½Nd
 ¼ 4:0 1019 cm3. (a) Visible and near-infrared
region. p spectrum is shifted 5 cm1 on the y axis. (b)
Middle-infrared region. p spectrum is shifted 0.5 cm1





e2 2 GJJ 0 ; ð1Þ
where c is the vacuum speed of the light, "0 is the
vacuum dielectric permitivity, m and e are the electron
mass and charge respectively and  is the average wave-
length of the J! J 0 transition. Table 1 summarizes the
s and p experimental oscillator strengths for the 2Sþ1LJ
multiplet sets observed in Nd-doped NBW. The Nd
concentration used in this table was consistent with
the JO analysis described later.
The Nd3þ most important laser-related transitions,
4F3=2 ! 4IJ (J ¼ 9=2, 11/2, 13/2), are show in ﬁgure 2.
As in most laser hosts the 4F3=2 ! 4I15=2 was too weak
and its intensity could not be distinguished from the
equipment noise. For all Nd concentrations available
the emissions observed consist of broad and overlapped
bands. This is a speciﬁc characteristic of the Nd3þ
spectra in NBW and it has nothing to do with limita-
tions in the spectral resolution of our measurements.
This broad character of the emission has also been
observed in other partially disordered tungstate hosts,
for instance in KLa(MoO4)2 [12] or NaY(WO4)2 [1,
13]. In comparison to these two latter compounds
our emission bands are much alike to those observed
for NaY(WO4)2, see ﬁgure 3 of [1] or ﬁgure 5 of
[13], and narrower than those reported for
KLa(MoO4)2 [12].
The accurate correction of the cw-PL spectra by the
equipment response confers reliability to the current
results, and it allows comparison of the intensities of
the three infrared PL bands observed in ﬁgure 2. The
experimental branching ratios, exp, for inter-manifold










where k runs over all the integrated area of the consid-
ered transitions. In our case, for the uniaxial crystal
considered, the spectrum intensities were averaged
according to their polarization character as
IJ ¼ ð2IsJ þ IpJÞ=3. Table 2 summarizes the exp values
obtained.
The experimental lifetime of the 4F3=2 multiplet was
ﬁrst studied for the lowest Nd concentration available
(0.003%, ½Nd
 ¼ 0:9 1018 cm3, see discussion later).
At this concentration, the average Nd–Nd distance is
about 64 A˚, so resonant energy transfer can be
neglected. At 10K the light intensity decay follows an
exponential law, and the experimental lifetime found
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Table 1. Room temperature experimental oscillator strengths fexpð108Þ determined from the optical absorption
ð½Nd
 ¼ 4 1019 cm3Þ and calculated fcalð108Þ using the Ok parameters obtained from the Judd–Ofelt analysis. 
indicates the average multiplet set spectral position.
4I9=2 ! 2Sþ1LJ  (nm) fexps fexpp fexp fcal
4I13=2 2508 125 187 146 413
4I15=2 1651 0.316 58 19.6 61
4F3=2 879 238 591 358 914
2H9=2 þ 4F5=2 809 1845 5029 2920 2460
4S3=2 þ 4F7=2 750 1665 4241 2520 2230
4G5=2 þ 2G7=2 586 14 512 20 362 16 537 16 600
4G9=2 þ 2K13=2 þ 4G7=2 524 2452 4624 3172 2930
2G9=2 þ 2D3=2 þ 4G11=2 þ 2K15=2 472 381 950 570 515
2P1=2 þ
2
D5=2 433 287 600 389 297
O2 ¼ 30:9 1020 cm2 O4 ¼ 12:0 1020 cm2 O6 ¼ 9:3 1020 cm2 RMS ¼ 3:6 1020 cm2
Figure 2. Polarized 4F3=2 ! 4IJ photoluminescence of Nd3þ
in NBW measured at 300K. The spectra shown are cor-
rected by the spectral response of the equipment.
p polarized, continuous line. s-polarized, dashed line.
The inset shows the agreement among calculated and
experimental 4F3=2 branching ratios with the quality fac-
tor O4=O6: ., 9=2; /, 11=2; 4, 13=2.
is exp ¼ 143 ms. Figure 3 shows that this value
decreases slowly with increasing temperature, but still
a single exponential is found, see ﬁgure 4 (a). The
room temperature lifetime was expRT ¼ 136:6 ms.
Faster light intensity decays are observed at higher
Nd concentrations. Even for the highest one
available, ½Nd
 ¼ 4:0 1019 cm3 (Nd–Nd average dis-
tance 18 A˚), the departure from the single exponential
behaviour observed is minor, see ﬁgure 4 (c). A more
detailed discussion of this case follows in section 5,
but for the moment we can keep in mind
expRT ¼ 121 ms as a rough approximation.
4. Judd–Ofelt calculations
The JO theory [14, 15] is often used to determine the
radiative rates of the manifold 2Sþ1LJ levels. The oscil-
lator strength for an electric dipole (ED) transition
between 4f n½L; S
J and 4f n½L 0; S 0
J 0 states is
fED ¼ 
8p2mc
3hð2Jþ 1Þ SJJ 0 ; ð3Þ
where  ¼ ðn2 þ 2Þ2=9n (n stands for the refractive
index), h is the Planck constant and the line strengths
are SJJ 0 ¼
P
k¼2;4;6 Okjh4f n½L; S
JkUkk4f n½L 0; S 0
J 0ij2.
Ok are the adjustable JO parameters and the reduced
matrix elements corresponding to the J! J 0 transition
of Nd3þ, hkUkki, have been tabulated previously [16,
17]. The average spectral position, , and experimental
oscillator strengths of the nine 300K OA band sets
described in ﬁgure 1 and summarized in table 1 were
considered to calculate the Ok parameters. Although
there are some magnetic-dipole contributions, i.e.
4I9=2 ! 2H9=2 and 4I9=2 ! 2G7=2 transitions [18], these
are small and have been neglected.
The application of JO theory to anisotropic solids
requires the average of the experimental optical proper-
ties [19]. The average oscillator strength fexp for uniaxial
systems is deﬁned as f exp ¼ ð2fexps þ fexp pÞ=3. In the
calculation we have used the proper refractive indices
of NBW at the corresponding  of the multiplet [8].
Using the nominal Nd concentration obtained from
the TXRF and PIXE measurements we arrived at radia-
tive lifetimes 20% shorter than the 4F3=2 lifetime deter-
mined experimentally at 10K for low Nd concentration.
It was therefore obvious that the actual concentration of
the sample used in this spectroscopic characterization
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Table 2. Spontaneous emission probabilities A, radiative branching ratios  and radiative lifetime
rad for
2Sþ1LJ multiplet of Nd
3þ in NaBi(WO4)2 single crystal. The experimental branching
ratios, exp, and lifetimes, exp, of the lowest concentrated sample are also included for
comparison.









4I9=2 3345 47.4, 46.3 142, 143 (10K); 137 (300 K)
4I11=2 3315 44.1, 45.6
4I13=2 574 8.1, 8.1




Figure 3. Temperature dependence of the 4F3=2 experimental
lifetime of Nd3þ in NBW. emi ¼ 890 nm (4F3=2 ! 4I9=2
emission band). The dots are the experimental values
and the continuous line is the ﬁt obtained by using
equation (11) with ph ¼ 5:5 and h! ¼ 920 cm1.
was slightly higher than the nominal concentration
obtained by TRFX and PIXE for the crystal boule.
Therefore, we chose to use [Nd] as a further adjustable
parameter which, while modifying Ok and rad values,
does not inﬂuence the JJ 0 results and only to a minor
extent the O4=O6 ratio. A good ﬁt was found using
½Nd
 ¼ 4 1019 cm3. Throughout the work we have
used this Nd concentration and the corresponding inte-
grated optical absorptions to calculate [Nd] in the two
other samples used. Table 1 shows the Ok set obtained
by minimizing the
P
J 0 ð f exp  fEDÞ2 diﬀerences. The
quality of the ﬁt is described by the root mean square
deviation, RMS ¼ ½Pqi¼1ðfiÞ2=ðq 3Þ
1=2, where fi
are the residuals between the experimental ( fexp) and
calculated ( fcal) oscillator strengths and q is the
number of transitions used in the ﬁt. The value of the
RMS deviation in the case of NaBi(WO4)2:Nd
3þ is
about 5%. This is similar to the quality of previous
ﬁts in diﬀerent hosts [17, 20].
The oscillator strength of the 4I9=2 ! 4G5=2 þ 4G7=2
transition is 6 times greater than those of the other
bands (see table 1). This implies a high value for the
O2 parameter (O2 ¼ 30:9 1020 cm2). However, this
has no practical eﬀect on the emission properties of
the 4F3=2 state, since these properties only depend on
the O4 and O6 parameters [6].
The Ok JO parameters are now used to calculate the
whole set of radiative rates, AJJ 0 , for J! J 0 ED transi-
tions, according to the formula














although for the sake of brevity, table 2 summarizes
only the calculated radiative rates of Nd3þ transitions
related to possible laser channels. From the wholeAEDJJ 0
set it was possible to obtain theoretical branching ratios,
JJ 0 ¼ AJJ 0=
P
J 0 AJJ 0 , and the radiative lifetimes,
rad ¼ 1=
P
J 0 AJJ 0 . Since we are mainly interested in
the 4F3=2 level, the whole JJ 0 and rad results are given
in table 2 for this multiplet while for others only rad
values are provided.
5. Discussion
The probability of spontaneous transitions AJJ 0 for
various 4F3=2 ! 4IJ channels depends primarily on the
O4 and O6 intensity parameters, since the matrix element
hkU2ki for transitions between these states is equal to
zero (jJj > 2). Hence the inter-manifold luminescence
branching ratios JJ 0 can be represented as a function of





The analytical dependence of JJ 0 is expressed as
JJ 0 ðXNdÞ ¼
ðaJ 0XNd þ bJ 0 Þ3JJ 0P
J 0 ðaJ 0XNd þ bJ 0 Þ3JJ 0
; ð6Þ
where the aJ 0 and the bJ 0 constants are equal to the
squared matrix elements of the irreducible tensor opera-
tors of rank 4 and 6,
aJ 0 ¼ jh4F3=2jjU4jj4IJ 0 ij2 ð7Þ
and
bJ 0 ¼ jh4F3=2jjU6jj4IJ 0 ij2: ð8Þ
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Figure 4. Room-temperature experimental lifetime decays of
the 4F3=2 level of Nd
3þ in NBW. EMI ¼ 890 nm
(4F3=2 ! 4I9=2 emission band). The dots are the experi-
mental values and the continuous traces the exponential
ﬁts. (a) ½Nd
 ¼ 0:9 1018 cm3, exp ¼ 137ms. (b) ½Nd
 ¼
3:6 1018 cm3, exp ¼ 128ms. (c) ½Nd
 ¼ 4:0 1019 cm3.
Fit with equation (12), s ¼ 6 and RC ¼ 9:6 A˚
(exp  121 ms).
According to the above JO analysis, the spectroscopic
quality parameter for Nd3þ in NBW is
X ¼ O4=O6 ¼ 1:29. Figure 2 inset and table 2 show a
comparison of the calculated and experimental
branching ratios of the 4F3=2 ! 4IJ (J ¼ 9=2, 11/2, 13/
2) transitions of interest. The agreement is very good
showing the consistency of the experimental and theor-
etical methods.
In order to estimate the spontaneous emission cross-
sections, EMI, of the laser channels related to the
4F3=2
multiplet we have ﬁrst applied the reciprocity principle
[21] to the 4I9=2 $ 4F3=2 transition where the ground
state absorption cross-sections, GSA, are known for
both polarizations (ﬁgure 1 (b)). The emission cross-sec-





exp ½ðEzl  hÞ=kBT
; ð9Þ
where GSAðÞ ¼ ðÞ=½Nd
, Zu and Zl are the partition
functions of the upper and lower multiplets respectively,
Ezl is the energy gap between the lowest Stark levels of
these two multiplets, kB is the Boltzmann constant and T
is the sample temperature. Figure 5 shows a comparison
of the calculated emission cross-section and the experi-
mental photoluminescence spectral distributions in both
polarization conﬁgurations. Apart from a small mis-
match (<0.5 nm) due to the diﬀerent spectral calibra-
tions of the absorption spectrophotometer and
ﬂuorescence spectrometer, the agreement is remarkable
for the s polarization. The slight deviation at low wave-
lengths in the p spectra is due to the experimental uncer-
tainty in sample orientation.
The EMI values of the
4F3=2 ! 4IJ (J ¼ 11=2; 13=2)
are now calculated by using the photoluminescence








where REFEMI, IREF and REF are reference values taken
from the 4F3=2 ! 4I9=2 emission.
Although not shown for the sake of brevity, p-
polarized 4F3=2 emissions of Nd in NBW always have
larger peak cross-sections than s-polarized ones. Table 3
summarizes the ground-state absorption and emission
cross-sections at a few signiﬁcant wavelengths.
It is worth noting that the highest emission cross-
section achieved for Nd in NBW, namely
pEMIð ¼ 1060:9 nmÞ ¼ 16 1020 cm2, is not very far
from those reported for Nd-doped YAG (EMI ¼
28 1020 cm2 [23]) and Nd-doped KGd(WO4)2
(EMI ¼ 35 1020 cm2 [24]). In fact, it is similar to
those of other Nd laser hosts, i.e. NAB (spEMI 
16 14 1020 cm2 [25]) and YLF (pEMI ¼
18 1020 cm2 [23]) and larger than those reported in
other disordered double tunsgates or molybdates, for
instance KLa(MoO4)2 (
p
EMI ¼ 9:7 1020 cm2) [12],
NaY(WO4)2 (
p
EMI  6 1020 cm2) [1]. This result
could suggest that the degree of disorder (or number
of Nd sites with diﬀerent crystal ﬁeld) in NBW is
larger than in the ordered KGd(WO4)2 but lower than
in KLa(MoO4)2 and NaY(WO4)2 crystals.
The diﬀerence between the radiative lifetime calcu-
lated by the JO approach and the experimental lifetimes
of a level is accounted for the presence of non-
radiative processes, namely multiphonon emission and
energy transfer, 1exp ¼ 1rad þ 1ph þ 1C , where 1ph is the
multiphonon relaxation rate and 1C is the energy
transfer rate.
Since the experimental lifetime calculated at low tem-
perature and low Nd concentration basically agrees with
the radiative lifetime of the JO calculation, intra-ionic or
ion–lattice transfer non-radiative decays of the Nd3þ
4F3=2 level in NBW are negligible. For low Nd concen-
tration, the temperature dependence of the 4F3=2 experi-
mental lifetime shows the activation of some thermally
excited non-radiative paths (see ﬁgure 3). This is
described by a multiphonon relaxation rate given by [26]
1ph ðTÞ ¼ 1ph ð0Þð1þ nÞph; ð11Þ
where n ¼ ½exp ðh!=kBTÞ  1
1 with h! being the
energy of the phonon emitted, often taken as the cutting
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Figure 5. Comparison of the 300K calculated emission
cross-sections, EMIðcalÞ (continuos lines) and the 300K
photoluminescence spectral distribution, PL (dots), of the
4F3=2 ! 4I9=2 transition of Nd3þ in NBW. The 4F3=2
ground state absorptions, GSA (dashed line), are given
for comparison: (a) p-polarized; (b) s-polarized.













































































































































































































































































































































frequency in the Raman or infrared spectra and ph is the
number (not necessary an integer) of phonons required
to maintain the energy conservation in a non-radiative
transition between the level separated by E. The
energy distance between the 4F3=2 and the low-lying
4I15=2 levels is E ¼ 5075 cm1 [9]. Assuming that the
phonon emitted is the largest one of the Raman spec-
trum of NBW [2], namely h! ¼ 920 cm1, the number of
emitted phonons must be ph ¼ 5–6. The continuous line
of ﬁgure 3 shows the ﬁt of the 4F3=2 lifetime temperature
dependence. The agreement conﬁrms that multiphonon
emission is the main non-radiative decay path at this Nd
concentration.
At higher Nd concentrations the energy transfer
between Nd and other surrounding Nd ions should
eventually become an important non-radiative de-exci-
tation path. A comparison of the 300K experimental
lifetimes with increasing Nd concentration, ﬁgure 4,
shows that for ½Nd
 ¼ 3:6 1018 cm3 only a slight life-
time reduction is observed, and the exponential char-
acter of the decay is preserved. At higher neodymium
concentration, i.e. ½Nd
 ¼ 4:0 1019 cm3, some slight
departure of the single exponential behaviour seems to
appear in ﬁgure 4 (c).
This behaviour can be accounted for by the onset of
energy transfer expressed by [27]
IðtÞ ¼ Iðt ¼ 0Þ exp t
0










where IðtÞ is the temporal intensity evolution of the
emitted light, 0 is the decay time in the absence of
energy transfer, GðxÞ is the gamma function, s describes
the transfer mechanism and c0 ¼ 3=4pR3C, RC being
the distance for which the energy transfer rate
equals the spontaneous decay rate. A good linear
ln ½IðtÞ=Ið0Þ
 þ t=0 versus t3=s ﬁt was found for s ¼ 6
(electric dipole–dipole interaction). Using this value
the ﬁt of the experimental decay in ﬁgure 4 (c) with
equation (12) gave RC ¼ 9:6 A˚. This critical distance
is much shorter than the average Nd–Nd distance,
18 A˚, corresponding to the doping level used. This
result could be anticipated in view of the still incipient
reduction of the lifetime in comparison to the lowest
neodymium concentration available. Therefore, the
non-radiative energy transfer losses at the highest Nd
concentration considered are small and further emission
intensity enhancement could be expected for ½Nd
 >
4:0 1019 cm3 if the crystal quality was preserved.
6. Conclusions
We have shown that eﬃcient optical absorption and
emission can be obtained at room temperature in Nd3þ
doped NaBi(WO4)2. The absorption and emission are
strongly polarized as expected from the uniaxial and
non centrosymmetric character of the host. Despite the
coexistence of a range of locally diﬀerent Nd3þ optical
centres, responsible for the observed band broadening,
the peak emission cross-section obtained,
p  16 1020 cm2, is in the range for Nd crystalline
laser hosts,   15–35 1020 cm2. The high 4F3=2 emis-
sion quantum eﬃciency,  ¼ exp=rad  0:85, achieved
at 300K for ½Nd
 ¼ 4:0 1019 cm3, suggests that addi-
tional improvements can still be pursued by increasing
the Nd concentration in the crystal, although the accom-
plishment of this goal requires further development of
the crystal growth methods.
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